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Abstract 
This paper is placed in the context of the two elements of process performance that provide 
the potential to pro-actively control a process in delivering the required output(s), 
effectiveness, through the efficient utility of resources. In doing so, the potential to realise 
optimised process performance may be achieved based upon developing an understanding of 
current and future performance behaviour through the utility of lessons learnt from past 
behavioural scenarios. Further, the need to acknowledge and consider various perspectives 
within an organisation is discussed, as relative to the activity of design development, thus 
providing the context for enabling past experiences to support current and future processes. A 
method to provide the dynamism to support the determination and utility of information and 
knowledge associated with performance behaviour, extending the ability to measure and 
continually identify and derive the key factors upon which to perform, is discussed. A high-
level overview of work within the area of process performance, at the University of Strathclyde, 
is presented in close. 
1. Introduction 
Previous work in the area of performance measurement has concentrated on identifying and defining the 
general categories and factors that an organisation should, at least, focus upon in order to improve their 
OHYHORIRUJDQLVDWLRQDOSHUIRUPDQFHLHLGHQWLI\WKRVHµFULWLFDOVXFFHVVIDFWRUV¶WKDWPD\OHDGWRVXFFHVVLQ
the market place [1]. Performance metrics are utilised to monitor such factors, enabling an organisation to 
assess the contribution of intuitively identified factors upon market success, and provide focus for 
LPSURYHPHQWWKDWSRWHQWLDOO\ZLOOVWUHQJWKHQWKHRUJDQLVDWLRQ¶VFRPSHWLWLYHSRVLWLRQZLWKLQDPDUNHWVHFWRU
In addition to the iGHQWLILFDWLRQ RI µFULWLFDO VXFFHVV IDFWRUV¶ UHVHDUFKHUV KDYH DWWHPSWHG WR H[WUDFW
relationships that exist within and between such factors that have contributed to the achievement of 
targeted performance objectives [2]. However, different business strategies, such as new to world 
developments, product improvements and cost reduction initiatives, require different organisational efforts 
such as the degree of innovation required or process efficiency necessary to achieve such performance 
objectives [2, 3]. The combined effects of strategy, organisational capabilities and core competencies 
PDNH HDFK SHUIRUPDQFH LPSURYHPHQW LQLWLDWLYH XQLTXH WR WKH VSHFLILF RUJDQLVDWLRQ¶V GHYHORSPHQW
processes and activities. For example, the effect of a decision outcome may propagate throughout an 
organisation in different ways and with varying effects impacting upon a range of performance 
perspectives and factors. Organisations therefore require support in analysing their organisational 
systems and processes by developing dynamic performance guidelines that uniquely reflect the 
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RUJDQLVDWLRQ¶VORQJ-term strategic focuses acknowledging both the strengths and weaknesses associated 
with its internal systems and processes. Current support is, however, restrained through an inability to 
dynamically map between the opportunities and threats of a market and the strengths and weaknesses of 
an organisation that remain unique in terms of their resources, capabilities and competencies.  
The design development1 process is such that the realisation and satisfaction of customer requirements is 
attained with inadequate support for designers and design management in considering product goals or 
requirements within the context of organisational performance requirements. Thus, the assignment of 
product requirements or goals are often considered from a customer or market perspective and 
consideration of how the satisfaction of such goals will effect upon business goals is retrospectively 
considered from perspectives such as finance or market share. While a product specification may support 
designers in focusing and controlling a range of factors or entities, as associated with the performance of 
a product, design managers lack the support of recognising how resources required to realise product 
performance will contribute or support the attainment of necessary performance levels within various 
organisational perspectives [4]. Designers and design managers are thus placed in an activity that 
requires an array of factors and goals to be considered, from a diverse range of organisational 
perspectives, to ensure that overall performance is not sacrificed against micro level, or process, levels of 
performance. Therefore, designers and design managers require to be pro-actively guided in realising the 
attainment of optimal process performance, from its outputs to the process utilised to generate such 
outputs, while giving due consideration to the range of affected organisational perspectives and the overall 
performance of the organisation. However, if designers and design managers were required, at each 
decision point, to consider all the factors associated with the range of organisational perspectives, as 
associated with a local performance objective, they would be consumed with an array of positively and 
negatively effecting factors and concerns. Support in identifying the key factors, or those critical to overall 
organisational performance, is therefore required to enable process level personnel and management to 
guide and focus their effort through acknowledging the key goals and perspectives critical to performance. 
That is, ways in which the performance behaviour of a process activity, acknowledging those factors that 
may be influenced or affected by an outcome or change and the metrics that support in identifying the 
progress and attainment of goals, can be understood and placed in an organisational context must be 
addressed and supported. In realising such a requirement, the ability to manage the accuracy and 
application of performance measures, as required by organisational strategies and improvement 
LQLWLDWLYHV PD\ EH VXSSRUWHG LQ DGGLWLRQ WR SURYLGLQJ UHSUHVHQWDWLYH IHHGEDFN RI D SURFHVV¶V OHYHO RI
performance. 
It is the objective of this paper to discuss the need to provide organisations with the ability to identify, 
model and subsequently understand performance behaviour relative to organisational strategic objectives 
and goals. Discussing the perspectives of process performance and their associated performance 
objectives provides the context for introducing the need to understand performance behaviour while the 
                                                     
1
 The prRFHVVRI'HVLJQ'HYHORSPHQWDVLQWURGXFHGE\2¶'RQQHOO>@UHIHUVWRWKHDFWLYLW\RIGHVLJQLQJDQGWKHPDQDJHPHQWRI
the process that realises a product design. 
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elements associated with process performance provides the formalism upon which to explicate and 
understand performance behaviour. The potential to realise process performance behavioural models is 
discussed through presenting the range of goals and knowledge transformation and representation 
techniques associated with data mining systems within the emerging field of knowledge data discovery. 
Finally, an overview of work within the area of process performance at the University of Strathclyde is 
discussed. 
2. Perspectives of process performance 
In order to support and aid both designers and design process managers in recognising and achieving 
optimal performance they must be supported with the information that allows them to define, consider and 
understand the variables vital to performance that must be measured and controlled [5]. This 
subsequently requires the identification of the factors and perspectives that will effect and will be 
subsequently affected as a result of an outcome being realised at a decision point. For example, a product 
designer has the potential to substantially influence the attainable quality and lead times in operations 
within pURGXFWLRQDQGWKHFRVWRIDSURGXFW¶VPDQXIDFWXUHDQGDVVHPEO\ [6]. Therefore, designers have a 
responsibility to continuously re-DSSUDLVH WKH SURGXFWV¶ JRDOV DQG WKH LQIOXHQWLDO IDFWRUV DVVRFLDWHG ZLWK
activities within processes in order to ensure that their focuses, and in turn their goals, remain reflective of 
business goals and objectives [6]. Designers need to identify and subsequently consider their associated 
objectives of performance in addition to the perspectives within and out with an organisation that may, as 
a result, be impacted upon, negatively or positively, by the outcome of an activity or decision. 
Consequently, such influences should be considered at decision points to identify and assess any change 
in the potential obtainable performance of an organisation at various hierarchical levels. However, as 
GHFLVLRQV DUH EHLQJ PDGH DW D SURFHVV OHYHO UHJDUGLQJ D SURGXFW¶V GHYHORSPHQW WKDW PD\ LPSDFW DQG
control the degree of, for example, the financial performance that may be gained by an organisation) it is 
important to also relate and prescribe the contribution being made during specific development activities. 
With the complexity and innovation often associated with the process of design development, coupled with 
the need to recognise and accommodate the performance goals and levels of performance associated 
with subsequent development functions, designers are placed under substantial pressure to 
accommodate and consider such varied organisational perspectives of performance as those within the 
corporation, product and processes.  
2.1. Corporate perspective 
Strategic objectives defined at a corporate level should be decomposed into process or context specific 
sub-objectives, thus providing the ability to relate contributing process performance targets and measures. 
In turn, process objectives require to be placed in the context of the needs and strategic directions or 
focuses of the organisation and thus maintain the potential to link company objectives to daily and 
decision-making activities [7]7KH µPDSSLQJ¶RUGHFRPSRVLWLRQRIVWUDWHJLFREMHFWLYHV LQWRRSHUDWLRQDORU
process specific targets requires the understanding and identification of the relations, and hence the 
structure, that exists between high-level objectives and their translation into sub-level objectives i.e. 
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identifying those objectives that effect, or are affected by, other higher-level objectives. In order to 
decompose organisational strategic objectives into process or activity level objectives, the metrics, which 
ZLOOVXSSRUWLQPRQLWRULQJWKHGHJUHHRIWKHLQLWLDOJRDO¶VDWWDLQPHQWPXVWEHGHILQHGDVLGHQWLILHGLQFigure 
1. However, defining the metrics that support in monitoring performance, within a specified organisational 
performance goal, requires that the metrics be provided with the targets or levels of performance that 
must be satisfied. In defining the targets of a metric a process is subsequently provided with, 
corresponding, sub-level goals thus enabling the process to focus and, therefore, recognise its 
contribution to higher-level business objectives and goals as identified in Figure 2. Recursively, these sub 
goals must be supported with the relevant metrics that enable their progress to be monitored.  
The ability to decompose business objectives and goals into process level objectives and targets cannot 
be left to a secondary requirement and must be adequately supported. As presented in Figure 3, the 
ability to decompose goals and measures throughout an organisation is vital to attaining the necessary 
feedback on performance at various hierarchical levels throughout an organisation. Defining process level 
JRDOV WKDWPD\EHPLVDOLJQHG IURPWKHREMHFWLYHVRI WKHRUJDQLVDWLRQFRQWULEXWHV WR µEOLQGO\¶GHILQLQJ WKH
objectives of performance that, potentially, will contribute to organisational success. Therefore, the ability 
to align process level goals and objectives to organisational strategies will enable a representative and 
focused development process to contribute to the success of the organisation within its pre-determined 
focuses of performance. As represented in Figure 4, the need to align process or activity goals/metrics 
with higher-level business goals must be realised to ensure that the satisfaction of organisational strategic 
REMHFWLYHV DUH EHLQJ VXSSRUWHG DQG QRW UHVWUDLQHG DV D UHVXOW RI IRFXVLQJ VROHO\ XSRQ D SURFHVV¶V
individual objectives. Thus, the definition of metrics must remain appropriate to the goals otherwise 
Figure 1: Metric de-composition 
supporting the recognition of goal 
progress 
Figure 2: Sub-level goal composition 
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misalignment results in association with the generation of inaccurate and non-representative feedback 
performance measurements. Alignment is therefore referred to here as maintaining a commonality of 
focus from organisational objectives associated through the objectives at process and activity levels. 
2.2. Product perspective 
The main aim of a designer, and the process of designing, is to develop a design solution that has the 
potential to satisfy the performance objectives within the relevant perspectives such as the customer, 
organisation and/or society. Progressing from an outline or specification of requirements through to a 
specification of an artefact a designer is guided in the transformation process by predefined and evolving 
performance requirements outlined through both qualitative and quantitative concerns and goals [8]. As 
outlined by Dym and Little, a product specification provides designers with numerical values and 
subjectively derived goals and parameters within the following three forms of specification [9]:  
x Prescriptive Specifications ± defines specific values for attributes; 
x Procedural Specifications ± defines the specific procedures for calculating attribute values and 
behaviours; and, 
x Performance Specifications ± defines and characterises the desired behaviour of an artefact. 
The above forms of specifications categorise the range of performance objectives, used to assess and 
guide designers at various stages, as derived from such perspectives and influences as the customer or 
the attainable levels of performance within technological capabilities. In addition, the performance 
REMHFWLYHVDVVRFLDWHGZLWKDSURGXFWDQGWKHSURGXFW¶VGHYHORSPHQWDUHLQIOXHQFHGE\WKHREMHFWLYHVRI
the organisation. For example, a product has the potential to realise the desired performance levels of the 
organisation from generating financial returns to realising technological advances within a given market. 
However, such factors of success are, at such a level of analysis, more representative of the performance 
RI D SURFHVV¶V RXWSXW DQG WKH GHJUHH RI HIIHFWLYHQHVV DWWDLQHG LQ VDWLVI\LQJ EXVLQHVV JRDOV DQG OHVV
representative of the performance achieved within the process of development or process orientated 
organisational goals (i.e. corporate perspective). A successful product may therefore be classified based 
upon its ability to satisfy the requirements and expectations of the customer or its ability to capture and 
attain some percentage of market share and generate the necessary returns on investment. Thus, 
FRQVLGHUDWLRQRIIRUH[DPSOH WKHILQDQFLDOVXFFHVVJHQHUDWHGIURPDSURGXFW¶VDEVRUSWLRQ LQWRDPDUNHW
EHFRPHVGHSHQGDQWXSRQRWKHU IDFWRUVFRQFHUQHGZLWKDSURGXFW¶VGHYHORSPHQWVXFKDV WKHHIILFLHQF\
with which resources were consumed in satisfying goals or the degree of effectiveness attained. 
2.3. Process perspective 
Designers are tasked with developing a product design from a product specification that may potentially 
be progressed through remaining development processes while achieving and maintaining their potential 
to attain their required local product and process goals, the performance goals of subsequent 
development processes and business performance goals. The design development process is therefore 
tasked with providing the potential for subsequent development processes, such as manufacturing, to 
satisfy their performance goals through being effective in their output while efficient in the consumption of 
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resources to attain such deliverables. As outlined in Figure 5, a design process, within a project, is 
influenced by the organisation, the development program (such as the goals of other development 
functions) and the external environment (ranging from customer requirements to technical constraints).  
 
 
 
 
 
 
 
 
 
 
 
 
Design development processes and activities, as a result, cannot remain solely focused upon the 
specifications and requirements of a product design but must, through the management of the process, 
consider the strategic focuses, objectives and the factors of performance that may contribute to, or 
potentially restrain, the degree of success experienced at both an organisational level and at a 
departmental level. The product development process, therefore, considers the performance goals and 
objectives of a product and is influenced and managed based upon the performance goals of the 
organisation at various levels. Therefore, daily activities and objectives must be related to the strategic 
orientation and objectives of a corporation and in turn recognise how activities contribute to the realisation 
of organisational, product, and/or the overall process goals [5]. At an activity level, design development 
personnel should be provided with the potential to identify the factors, within the relevant perspectives, 
that impinge upon the level of performance achievable at various organisational levels. 
Having discussed the need for supporting personnel in recognising the relative strength and impact that 
the progress and attainment of process level objectives will have on higher organisational activities, 
processes and their associated activities, i.e. alignment, consideration should also be given to the effect of 
decisions upon subsequent development activities and processes. There is a need therefore, to support 
and maintain the congruency of objectives and goals throughout an organisation such that the goals 
defined within functions or projects are mutually reinforcing of both the overall product development 
SURFHVV¶VJRDOVDQGWKHJRDOVGHILQHGZLWKLQVXEVHTXHQWSURFHVVIXQctions as aligned within the overall 
strategic objectives of the organisation. As outlined in Figure 6, activities within a development process 
are relied upon to satisfy their desired performance goals and contribute to the achievement of the 
SURGXFW¶VJRal(s). Ensuring the congruency of objectives throughout a development process would result 
in the assurance that individual goals defined at a process or activity level would not prove counter-
productive or interfering with performance objectives defined within subsequent processes. However, in 
Project n 
Figure 5: Placing the Development Process within an Organisational Context 
Product Goals 
Business 
Goals 
External 
Requirements 
 
Organisational System 
Product 
Process 
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order to achieve such control of a development process the ability to predict and relate those influential, 
future, factors with the influenced factors must be supported. In realising such abilities a designer may be 
presented with the information on how subsequent functions may, potentially, achieve their predetermined 
business goals and product goals while providing the information and knowledge at decision points to 
assist them in attaining their, specific, desired levels of performance. Table 1 summarises the factors 
associated with the alignment and congruency of performance objectives throughout an organisation. In 
close, it is not enough to ensure the alignment of business objectives alone but the congruency of product  
development requirements must also be supported as, ultimately, they are inextricably linked. 
3. The elements of design process performance 
:RUNE\2¶'RQQHOODQG'XII\[10] has provided a generic model of process performance that introduces 
an understanding of how process activities and their management may be analysed with respect to higher 
level elements of performance. Their model identifies the components of an activity/process (i.e. input, 
output, goals/constraints and resources) and their relationships within the elements of effectiveness and 
efficiency formalised through the presentation of the E2 model. Figure 7 presents a basic process 
representation with an overlay of the elements of effectiveness and efficiency encompassing and relating 
the components of an activity within. Thus, the efficiency of a process details the relationship between the 
consumption of resources used to generate an output state from some input state, while effectiveness 
UHSUHVHQWVWKHDELOLW\RIDSURFHVVWRREWDLQDQRXWSXWWKDWVDWLVILHVWKHSURFHVVHV¶REMHFWLYHs and goals. 
While efficiency represents the relation between process inputs and outputs, it alone lacks the focus of 
what the objectives and goals of the process may be. Thus, the inclusion of effectiveness provides the 
context and focus for a process and the factors required that should be considered in terms of levels of 
efficiency and/or process goals. In turn, this brings to the process the potential to measure the degree of 
required goal satisfaction obtainable within the context of the efficiency levels with which resources may 
EH FRQVXPHG 7KH HIIHFWLYHQHVV RI D SURFHVV KRZHYHU PD\ RQO\ EH PHDVXUHG WKURXJK WKH SURFHVV¶V
performance in satisfying its required output at corresponding levels of abstraction and analysis. 
Alignment Business Objectives 
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Figure 6: Maintaining congruency between activity 
and project goals  
Table 1: Coherence of goals 
(relevant to business and product)  
1st International Workshop on Performance Measurement, Organised by the IFIP 5.7 Special Interest Group on Performance Measurement,  
24-25 May 2001, University of Strathclyde, Glasgow, UK.   
The E2 model provides the formalism to relate between both the effectiveness and efficiency of a process 
and therefore place each in context of the other. The ability to control the interactions between process 
effectiveness and efficiency realises the potential to manage a process based upon the measurement of 
the consumption of resources utilised to generate a degree of process effectiveness and vice versa. 
 
From a performance perspective there is a need to consider the activity of designing, from its range of 
goals, influences and concerns, and its subsequent management, as presented in Figure 8, in order to 
accommodate and reflect the influences and goals associated with other organisational perspectives 
within a product development process. As outlined in Figure 8 an activity within a design development 
process will involve both the activity of designing and the management of the activity in order to control 
DQGIRFXVXSRQWKHDFKLHYHPHQWRIWKHDFWLYLW\¶VSHUIRUPDQFHJRDOV)RUIXUWKHUGHWDLOVRQWKHLQWHUDFWLRQV
between the elements see [11].  
 
 
 
 
 
 
 
 
 
 
Distinguishing between the performance objectives of an activity and its management provides the means 
to decompose higher-level organisational performance objectives and clarify the responsibilities 
associated with satisfying such objectives. 
PD Function
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Goals/
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Figure 7: E2 Model of product development performance [10] 
Figure 8: Relating the activity and management of the design process within the E2 model [11] 
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The discussion on various organisational perspectives has highlighted and emphasised the need to 
identify how factors from different levels or departments within an organisation may effect or be affected 
by the definition, progress and attainment of performance goals. However, the need to segregate the 
factors of performance found within the perspectives discussed must be placed within the context of the 
elements of process performance, i.e. effectiveness and efficiency. Therefore, the distinction may be 
realised and maintained between the goals or deliverables concerning effectiveness requirements and the 
relevant process activity efficiency goals that are instrumental in realising such goals. In turn this provides 
WKHµYLVLELOLW\¶WRFRQWURODSUocess succinctly and in alignment with the objectives and performance levels 
as associated with both the output and resources that realise such an output [12]. In distinguishing yet 
relating between goals in such a way personnel are supported in decision-making assessing and 
identifying the potential for added value or indeed identifying when diseconomies of scale may be 
breached. With the provision of such an ability, the realisation of the available resources at a program 
level may subsequently be related to the individual goals at a project level and may therefore provide the 
means to manage the evolution of goal satisfaction based upon resources consumed and the degree of 
goal satisfaction. 
In close, this section has presented the elements of performance and concerns that must be considered in 
order to present an accurate representation of an organisation. Further, the need to ensure that the goals 
of the various organisational perspectives are distinguished in terms of the design activity and its 
management and their interaction with process level output goals (effectiveness) and process 
performance goals (efficiency) was highlighted. We have presented the key performance elements that 
enable us to categorise and focus upon, relevant to a particular perspective and understanding, how 
process performance can be used to pro-actively control development activities in order to realise the 
optimum performance potential of an organisation.    
4. Re-engineering performance behaviour 
The phrase performance measurement has long been refereed to in literature as one of the a priori goals 
in the assessment of the performance of organisations or processes. Performance behaviour extends 
beyond simply measuring the performance of a process or activity to defining the factors, and therefore 
the focus associated with the definition, progress or attainment of performance goals within a given 
VFHQDULR$VSRVLWHGE\%LWLWFLWKHIXWXUHRISHUIRUPDQFHPHDVXUHPHQWV\VWHPVZLOOEHLQµ«VXSSRUWLQJWKH
understanding and structures of relationships between measures and promote conscious management of 
LQHYLWDEOHFRQIOLFWV¶[13]. The behaviour of an entity refers to the way in which something acts or behaves 
in response to a particular situation or stimulus [14] and therefore incorporates the need to determine or 
measure the change in an entity in association with the need to identify what has stimulated the change. 
The ability to produce the desired customer output or achieve goal satisfaction requires an understanding 
of the behaviour of the activities or processes that will realise the required outputs [15]. Defining the 
performance behaviour of a process activity or entity thus requires the ability to identify those factors of 
performance that may impact upon the progression toward, or achievement of, a performance goal or 
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objective. In doing so, the ability to support any initial, intuitively identified performance factors, which may 
effect upon a performance objective, could be potentially supported by using past behavioural models to 
refine, refocus and/or confirm that the most relevant and influential factors are being considered, 
measured and assessed. Managing process activities through the addition of prescriptive and predictive 
knowledge, regarding performance behaviour, would enable managers to, firstly, acknowledge the factors 
that may effect upon a potential objective but in addition would provide the foresight to predict the 
connotations of achieving an objective throughout related organisational perspectives and associated 
factors.  
Performance behaviour infers that, in order to perform, the existence of any conflicts that may restrain the 
obtainable performance must be identified and therefore addressed [16]. Attaining an understanding of 
process performance behaviour would provide the necessary knowledge and information to enable 
managers to predict and foresee the existence of any subsequent conflicts that may transpire as a result 
of identifying, progressing or satisfying a performance objective. Therefore, personnel would be provided 
with a greater degree of control in satisfying, and indeed optimising, the potential performance within 
associated perspectives throughout the organisation. An understanding of the behaviour and dynamism of 
an organisation or process and its corresponding performance infers the need to measure performance 
but, in addition, requires the incorporation of the following requirements:  
x Define the factors that effect upon, and that are affected by, the definition, progress or attainment of 
performance goals, identifying those critical to the attainment of desired performance. Identifying the 
related factors within the varying organisational perspectives provides those in decision-making roles 
with the potential to recognise and understand the propagational effects of attaining desired levels of 
performance. 
x Define the relationships between dependent and independent performance factors, thus 
understanding how control of performance behaviour may be obtained. 
x Identify how factors from various organisational perspectives relate to the performance factors being 
addressed defining their relative weighting and distinguishing between positive and negative effectors. 
As a result, recognition of the strengths of influence that may be experienced within a performance 
objective provides the insight necessary to focus upon the key effectors that can control the level of 
performance obtained. 
x Categorise performance factors as being, relative to the level and speciality of focus, measures of 
effectiveness or efficiency. Categorising the factors of performance provides the necessary 
information to enable control to focus upon performance and its improvement. 
x Understand and learn how contrRO RI IDFWRUV¶ EHKDYLRXU PD\ EH REWDLQHG DQG PDQLSXODWHG WKXV
enabling the management of processes to be supported through predicting and prescribing the 
propagational effects on performance within an organisation. 
With the array of factors within various organisational perspectives that may or may not relate to the 
performance of an activity, the need to identify the existence of relationships and their associated 
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strengths is required. The identification and determination of relationships and their context specific 
relational weightings may therefore realise the ability to refine the number of performance factors being 
considered within a given scenario to a manageable yet reflective set of performance factors. In doing so, 
the ability to manipulate performance behaviour within an activity/process to, in turn, control the output 
and thus the effectiveness of an activity/process may be realised as aligned with higher-level 
organisational objectives. The resultant information on the relationships between process effectiveness 
and efficiency can thus realise the potential to focus on what needs to be changed and what must be 
protected and adhered to in order to realise both organisational and process level objectives. The need to 
identify and understand how process performance behaviour may be controlled is of crucial importance to 
providing the ability to both optimise the performance of various, related, organisational perspectives and 
pro-actively manage a development process. 
5. Extracting implicit performance behavioural knowledge 
It has been accepted that lessons learnt from past experiences can be used to improve the performance 
of present and future activities [17]. For example, the definition of the factors to be deemed to be relevant 
to a certain performance assessment may be achieved based upon the expert or intuitive judgement of 
related personnel or through the analogy of other similar scenarios [18]. Further, based upon the definition 
of such factors, statistical analyses may be deployed to identify the strengths of the relationships that exist 
between the factors within a performance assessment and thus detail their relevancy and the subsequent 
accuracy with which they were intuitively identified. However, what restrains the effective application of 
such past experiences lies in their ability to reflect current and future conditions. Therefore, the need to 
accommodate and acknowledge the context within which past experiences were evolved, and 
subsequently map or manipulate such experiences to the context of current performance assessment, 
would increase the depth of potential learning opportunities and interpretations and in turn lead to more 
defined interpretations and the accuracy with which they may be applied [19]. The following section 
introduces the process of Knowledge Data Discovery and its analysis capabilities as realised through Data 
Mining techniques. After a brief introduction into data mining is provided the goals of its application and 
the techniques and representations used to realise these goals are discussed.  
5.1. Data mining in design  
Data Mining, the analysis step in the Knowledge Data Discovery (KDD) process [20, 21], involves the 
identification of patterns or implicit knowledge from within a data set through machine learning techniques. 
The KDD process involves the analysis of repositories of data and information for the purpose of 
identifying and extracting implicit or unseen knowledge that may be submersed in a data set. KDD 
represents a process of extracting implicit knowledge, through data preparation, transformation, analysis 
and interpretation among others [21]. The ability to explicate implicit knowledge is provided through 
various techniques (see section 5.1.2) enabling the system to present concise domain generalisations.  
Work within the University of Strathclyde has involved the introduction of a range of knowledge 
transformation and representation techniques into the engineering design domain. A system that was 
1st International Workshop on Performance Measurement, Organised by the IFIP 5.7 Special Interest Group on Performance Measurement,  
24-25 May 2001, University of Strathclyde, Glasgow, UK.   
developed, namely, PERSPECT, provided the means and functionality to enable designers to extract and 
manipulate past design experiences and design cases to support current and future design requirements 
[22].  Despite receiving relatively little attention in design to date, data mining has been successfully 
utilised in areas such as fraud detection, identifying consumer trends and maximising the efficiency of 
production processes. Drawing from distinct research areas, such as machine learning, knowledge 
representation and statistics, data mining systems can be used to identify, modify and extract knowledge. 
Data mining tools can provide additional functionality to support designers through: the identification and 
exploration of relevant design spaces, supporting the use of experiential knowledge to reduce the 
pragmatic nature of decision making; the structuring of experiential knowledge through their ability to 
generalise, abstract, cluster and associate within design domains; and, possessing the ability to learn from 
new experiences based on Induction [23] and Neural Network [24] techniques for example. Such tools 
may be utilised to structure and manipulate experiential knowledge in order to map between previous 
design principles and current design perspectives.  
5.1.1. Goals 
Data mining is the process of discovering new knowledge or knowledge of interest such as patterns, 
associations, changes, anomalies, structures, principles, etc., from data or information repositories. The 
goals for discovering knowledge may be distinguished based on the intended use of the system such as: 
x verification - systems used to verify or discount hypothesis based upon the specific needs of the 
designer, and in turn controlled and directed by the user (controlled learning); 
x discovery - systems search for new patterns and present discoveries to the users. Such methods of 
discovery may be initiated based on the guidance of a designer to analyse a certain domain through 
a predetermined perspective (controlled learning) or autonomously search a domain for models etc 
(automated learning).  Discovery can be further broken down to: 
- prediction - where the system discovers patterns for use in predicting the future behaviour 
of some entities; and, 
- description - system finds patterns for the purpose of presenting them to the user in an 
interpretable form. 
The distinction between the prediction and description goals is useful for understanding the overall 
discovery goal, but the boundaries between the two often overlap (description models may be 
representative of the domain while providing prediction, and vice versa). The ability of data mining 
systems to verify and discover hypothesis, patterns or domain models provides a tool that may 
accommodate the needs the purpose of process performance analysis to the needs of design managers 
and designers themselves. From supporting the decision making process during a design activity 
(verification/controlled learning) to the process of analysing a domain with the intent of discovering the 
existence of embedded knowledge within a domain (discovery/controlled and automated learning) data 
mining systems provide the functionalities necessary to utilise experiential (performance) knowledge 
effectively.   
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5.1.2. Knowledge Transformation Techniques 
Data mining tools possess a wide range of techniques that, depending on the goal or reason for 
implementation, determines or controls the specific or suite of techniques that, potentially, may be utilised. 
Many such techniques have been in use for more than a decade, being utilised in specialised analysis 
tools, whose only prominent constraint was their inability to analyse large volumes of data. A range of 
knowledge transformation techniques, enabling the implementation of machine learning transformation 
abilities [25], as provided in data mining systems [21, 26] are presented in order to illustrate how the goals 
of a KDD process may be realised and introduce the functionality that can now be harnessed from such 
computational techniques.  
Abstraction/detailing. Abstraction is a necessary step in generalisation. Abstraction is involved with the 
generation of a new version of a concept with less detail than the original. The abstraction of a 
concept dispenses the knowledge that is superfluous to the requirements while maintaining what is 
relevant. Detailing promotes the inclusion of specific knowledge. 
Association/disassociation. Association is the discovery of relationships or correlations among given 
entities or descriptions based on logical, casual or statistical relationships. The relation may be 
expressed as a taxonomic relationship (kind-of) or a compositional relationship (part-of). The 
relationships can also be expressed by rules and equations showing attribute value conditions that 
occur frequently together in a group of similar designs. Disassociation reflects a lack of dependency 
between entities. 
Classification/unification. Classification determines a specific index description that may be used to 
classify a design or associated entity into one of several predefined classes. Each group member is 
based on a level of similarity in some predetermined perspective, while remaining distinct from other 
groups. Unification groups all data without the use of a description or criteria.   
Clustering/ungroup. Clustering or group rationalisation involves the grouping of similar past designs 
based on the similarity of some criteria. Ungrouping or decomposition removes the grouping. 
Derivation/randomisation. Derivation is the process of deriving a piece of knowledge that is based on 
another piece(s) of knowledge, through a level of dependency. Randomisation transfers one 
knowledge segment into another by making random changes.  
Generalisation/specialisation. Generalisation provides a concise and succinct description or model of a 
collection of data within a set of designs. Thus the description characterises all of the designs based 
on the specialisation of the concepts. Specialisation increases the specificity of the description. 
5.1.3. Knowledge representation  
The utilisation of various knowledge formalisms provides several benefits to various concerns in design. 
The ability to represent the same knowledge through various representation techniques supports different 
knowledge requirements during a design development processes. For example, through the use of 
domain specific equations a user may determine factor goals based on previous values or use a 
dependency network to support the design development process in identifying the potential source of 
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contribution that may impact upon the performance of current scenarios. In addition, various formalisms 
support users in understanding the results and in turn applying the knowledge associated with past 
experiences to current viewpoints. Data mining systems utilise specific knowledge representation 
formalisms, as presented below, to support the structuring of data, information and knowledge within a 
GRPDLQ¶VUDQJLQJYLHZSRLQWV 
Decision Trees - enable an activity or process to be modelled in terms of specific decision points. The 
tree like structure represents a set of decision points with all possible outcomes represented. Such a 
representation of knowledge is similar, in knowledge content, to the rule-based formalism discussed 
EHORZ7KHJHQHUDWLRQRIDGHFLVLRQWUHHEDVHGRQXVHU¶VFRQWH[WXDOQHHGVHQDEOHVXVHUVWRSURFHGXODULVH
an activity, based on past experiences, to ensure the consideration and optimum satisfaction of all factors 
within a given performance scenario. 
Dependency Networks - enable the generation of models based on identified significant dependencies 
between variables. A dependency network, as depicted in Figure 9, details how an independent attribute 
relates with dependant attributes. The information displayed in such a network provides users with the 
DELOLW\ WRPDNHGHFLVLRQVZKLOHGHWHUPLQLQJDQGUHFRJQLVLQJWKRVHUHODWHG µWUDGH-RII¶DWWULEXWHV Figure 6 
below is derived based upon past experiences of how factors are affected, or may affect, an identified 
performance concern [2, 27-29].  
The addition of the factor weightings (which details the strength of dependency between factors) enables 
users to, within a given scenario, focus and address the key concerns which may be effected by/from a 
performance concern and therefore manage the depth and range of factors to be considered. 
Equations - provide a formalism, e.g. mathematical equations, for the dependencies between attributes. 
The strength of relations between entities enables decision makers to base predictions of further 
requirements on previously determined facts [30]. Such predictions, based on past cases or empirical 
research, utilise models in the form of empirical equations as shown in Equation 1 [1, 31]. The model 
Perceived Quality 
Customer Return Factor 
Customer Satisfaction 
Product Performance 
Product Return Rates (0.87) 
Customer Complaints (0.98) 
Value (0.387) 
Usability (0.765) 
Initial Costs (0.88) 
Life Costs (0.49) 
Features (0.21) 
Ease of Use (0.91) 
Design Difficulty (0.8) 
Quality (0.92) 
Number of Steps (0.83) 
Resources (0.98) 
Design Type (0.72) 
Complexity of Knowledge 
Cost ( 0.66) 
Infra-Structure (0.5) 
Time (0.88) 
0.9 
0.7 
0.8 
Figure 9: Dependency network for 'New to World' strategies with weighted values 
 
1st International Workshop on Performance Measurement, Organised by the IFIP 5.7 Special Interest Group on Performance Measurement,  
24-25 May 2001, University of Strathclyde, Glasgow, UK.   
allows users to calculate the development time of a process, based on the entities that have been shown 
to effect upon the outcome - be they restraining or reinforcing. Such models offer users the ability to 
visualise firstly what is effected by a change in one dimension, secondly, the relative weight of the change 
that will EHSURSDJDWHGWKURXJKWKHPRGHO¶VGLPHQVLRQVDQGDOVRKRZFRQWURORIGHSHQGDQWVPD\EHXVHG
to effect and control the attainment of a desired outcome. 
DT = 8.4 + 4.2PC + 0.09NN - 1.9 (PC * FP) - 0.09 (NN * FT) 
Where: 
DT = Development Time 
PC = Product Complexity (Number of functions) 
NN = Newness (percentage change) 
FT = Use of cross functional teams (dichotomous 0/1) 
FP = Use of a formal process (dichotomous) 
1HXUDO1HWZRUNV 11¶V ± EDVHGXSRQ WKH EUDLQ¶V QHXUDO QHWZRUN11¶VSURYLGH WKHDELOLW\ WRPRGHOD
domain and subsequently modify that model based on newly encountered experiences. The ability to 
modify a domain model, through the adjustment of its internal weights, ensures that any new experience is 
used to update and maintain its knowledge content and therefore its output. A major drawback of an NN is 
LWVµEODFNER[¶DSSURDFKWRGHWDLOLQJWKeir rationale as its basis for decision-making [32]. 
Production Rules ± provides a representation of IF condition THEN action rules from data sets. Thus, if a 
FRQGLWLRQLVVDWLVILHGWKHQDORJLFDOFRQFOXVLRQPD\EHGUDZQ,I«7KHQUXOHVDUe particularly helpful in the 
development of traditional rule based expert systems that may be used to help users to focus upon a 
subsection of potential scenarios and their resultant outputs that reflects current and future scenarios, 
e.g.:  
IF (attribute) draught < (value)12.92 
AND (attribute) lob > (value) 6.18 
              AND (attribute) engwt > (value) 350.5 
         THEN (conclusion) ENGL = (result) 12.13 
The knowledge transformation and representation techniques presented are not a comprehensive list but 
serve to show not only a selection of representations that data mining approaches can accomplish, but 
aids in the process of KDD to ensure that the goal of knowledge discovery is identified and matched onto 
the above representations and capabilities. 
5.2. Summary 
The goals and specific techniques of knowledge transformation, as realised through various data mining 
systems, have been presented with a view of introducing some of the goals and functionalities associated 
with their utility. The range of data mining tools available in the market place are being increasingly 
recognised as key analytical tools within organisations allowing analysers and users to gain a deeper and 
more controlled view and understanding of an organisation. Indeed, in many cases, the techniques and 
analysis capabilities enable organisations to focus and control their analysis efforts through the extraction 
of generalised while yet representative organisational models. A range of knowledge representation 
Equation 1: Empirical equation quantifying the relational weights between factors to determine development 
time [31] 
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techniques were presented in order to discuss the various formalisms that may be generated to suit 
certain specific analysis requirements.  
6. The research approach 
Past development cases provide the potential to not only understand and extract the factors of success, in 
terms of organisational competencies and capabilities, but further support in identifying the aspects that 
markets consider to be factors that impact upon purchasing trends and, subsequently, market sales. The 
utility, and degree, of knowledge that may be extracted from past development cases may be restrained 
as a result of the complexity and the multi-dimensional nature of performance measurement associated 
with development activities and in the identification of the measures of success out with the process [33]. 
However, as the very activity of conducting a survey or questionnaire emulates the search for solutions, or 
the determination of the factors of success within the past, methods exist to extract the knowledge from 
past experiences. Focus meetings or brainstorming sessions attempt to overcome the distributed 
locations of information, goals, factors of success, and the factors and levels of performance yet they 
remain intuitive and consensus based. Further, such methods of identifying the objectives and measures 
concerned with organisational performance lack the associated knowledge in determining whether the 
goals, objectives and measures are coherent, i.e. aligned and congruent, with the objectives etc. at other 
organisational levels and departments.  
The use of statistical methods within data mining systems may be used in understanding and controlling 
the utility of past experiences to best reflect and suit current requirements and control the range of 
variables to be assessed. Thus, the potential to define and control the attributes to be considered from the 
various organisational perspectives may be realised while controlling the number of factors that must be 
considered to a manageable, reflective, range. The potential therefore, to determine the degree of project 
completion, a necessary measure of performance by management [34], may be determined based upon 
DQXQGHUVWDQGLQJRIKRZSDVWFDVHVDFKLHYHGµHIIHFWLYHQHVV¶IURPYDULRXVSHUIRUPDQFHREMHFWLYHVDQGWKH
degrees of efficiency associated with their satisfaction. Through the utility of data mining techniques the 
realisation of utilising past experiences to explicate and understand how goals and objectives were 
obtained and satisfied previously, therefore identifying and relating between the attributes and factors [35], 
may enable past experiences to be transformed and manipulated to suit the performance goals and 
EHKDYLRXUVDVVRFLDWHGZLWKWRGD\¶VFRQWH[WV 
In utilising past experiences there is a need to recognise the specific contexts of past programs or past 
performance behaviours to ensure that identified strengths and weaknesses are distinguished and utilised 
only within the contexts which are relevant and contributory to the optimisation of performance [36]. The 
ability to define the range of influences associated with performance goals provides the potential to 
JHQHUDWHDSURILOHRIDQHQWLW\¶VFRQWH[W [37]. In doing so, the potential to predict performance values and 
behaviours [38, 39] and therefore identify and control their application to current performance 
requirements and to define and focus upon the key factors and variables that will impinge upon a given 
requirement or performance scenario may be realised [5]. Contextualisation therefore improves the 
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communication and learning potential gained from the ability to utilise past understandings of performance 
behaviour providing more practical and applicable recommendations [19]. The CAD Centre is currently 
carrying out an investigation into process performance measurement with a view of improving business 
performance as supported by Engineering and Physical Science Research Council (EPSRC) funding. The 
work has involved gathering and collating metrics that may be applied within the various perspectives of 
an organisation. In addition, a range of data mining techniques have been evaluated within the context 
and confines of engineering design generated information therefore enabling the research to utilise the 
most applicable knowledge transformation techniques and representations. The following points, and the 
proceeding flow diagram (Figure 10), represent the overall methodology of the work: 
x Develop a methodology for understanding and modelling performance behaviour thereby identifying 
both the goals and measures associated with categorised objectives and, further, how they interrelate. 
x Analyse past behaviour in order to understand the interrelations that exist within certain contexts and 
use such understandings to support the development and control of future performance initiatives thus 
providing the means to realise design process re-engineering and the optimisation of organisational 
performance at both the macro and micro levels. Consideration will be given to the context that 
enables the mapping between past and future cases. 
x Categorise performance goals and metrics relevant to the elements of performance, i.e. effectiveness 
and efficiency, in doing so, the ability to focus and control the degree of effort required within various 
organisational perspectives may be realised. For example, the management of the consumption of 
resources used to attain activity level goals may be controlled to the degree of manipulating the 
resultant performance output of the activity yet remain congruent with the goals and measures of 
subsequent development processes.     
x The research is conditional upon the ability to maintain the coherence between objectives and 
measures throughout an organisation, i.e. alignment and congruency. Maintaining the cohesion 
between performance goals and measures, within the elements of effectiveness and efficiency, will be 
researched based upon the explication of past relationships between performance goals and 
measures in association with their corresponding contexts. 
x Develop the means to map between previously experienced goals and measures and apply them to 
current performance objectives thereby recognising the potential goals and measures within various 
perspectives to be affected by or upon the achievement of objectives. Therefore, recognising and 
understanding behavioural performance realises the potential to pro-actively control and predict the 
propagational effects that will be encountered through the associated goals and measures.   
x Research the means of identifying and controlling sub-optimal and superior process performance 
DUHDV ZKLOH SURYLGLQJ WKH DELOLW\ WR µGULOO-GRZQ¶ DQG DQDO\VH XQGHUVWDQG DQG PDQLSXODWH WKRVH
contributing factors that have produced, or are likely to produce, such effects in the future. 
x 6LPLODU WR WKH DQDO\VLV RI PDQXIDFWXULQJ GHSDUWPHQWV¶ FDSDELOLW\ DQDO\VHV WKH LQIRUPDWLRQ DLGV
planners and managers to gauge current workflows and potential throughput capacity. Within 
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development activities, resources are being utilised to satisfy company, and product, goals and 
objectives. By relating goals and objectives with inputs and resource consuming activities, in relation 
to the activities required levels of performance, decision makers may be given the information to 
identify any potential degrees of expansion or areas for optimisation in particular activities. Through 
categorising and maintaining the distinction between measures of process efficiency and 
effectiveness the potential to realise a priority listing of performance initiatives and objectives and their 
associated understanding of their degree of schedule impact as defined through performance 
behaviour assessments will be researched [40, 41]. 
x Through the identification of those processes or activities that contribute to the attainment of sub-
optimal levels of performance, as concerned with business goals and product/customer goals, 
explicate the information and knowledge that enables the development process to be re-engineered in 
order to optimise development processes and outputs. This infers a strong emphasis upon the ability 
to relate between goals and measures but, in addition, requires the ability to identify the associated 
organisational perspectives and in turn µSULRULWLVH¶WKHFULWLFDOLW\RIJRDOVVRWKDWRSWLPXPSHUIRUPDQFH
may be achieved. 
x (QDEOHWKHLQLWLDWLRQRIµZKDW-LI¶VFHQDULRVWRDVVHVVDQGXQGHUVWDQGSRWHQWLDOSURFHVVLPSURYHPHQWV
Realised through applying the identified relationships between factors within current and predicted 
future scenarios the ability to manipulate the relations between factors enables the assessment of 
what constitutes optimal outputs with due consideration of both the factors and perspectives affected 
within an organisation and its processes. Therefore, process re-engineering may be based not only 
upon current process capabilities but will be investigated in terms of re-engineering the process based 
upon future strategic objectives. 
The need for utilising and maintaining a framework or system that acknowledges and considers all the 
important and pertinent aspects of success and the factors of performance at different levels or functions 
within a company, will enable the prioritisation and increased efficiency of determining an oUJDQLVDWLRQ¶V
factors of success, the factors and the levels of performance that should be assessed. Thus a 
methodology, implemented to measure the performance of a process, should determine or identify the 
most related/effected activities ensuring the cohesion of goals throughout and, in addition, the alignment 
of measurements to provide common focuses [42]. The a priori concern here is with identifying and 
measuring those factors, entities, activities, etc., that have been identified previously as being critical and 
contributable in determining and maintaining the factors and levels of success throughout an organisation 
both overall and at various levels. In assessing the composition of the factors of performance that realise 
and contribute to such levels of success, and performance, the application of the lessons gained from past 
experiences to the future enables users to be provided with the key factors to be addressed and controlled 
in addition to an understanding of performance behaviour within an organisation.  
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The ability to model and predict performance behaviour in future scenarios may have some contribution to 
an organisations long-WHUPVXFFHVVDQGFRPSHWLWLYHQHVV$VFRPPHQWHGE\5XVNµWKHSDFHRIHYHQWVLV
moving so fast that uQOHVVZHFDQNHHSRXUVLJKWVRQWRPRUURZZHFDQQRWH[SHFWWREH LQWRXFKWRGD\¶
[43]. What Rusk referred to was that in order to recognise, state and maintain a focus upon the long-term 
strategy of an organisation the ability to consider present decision points should be realised in conjunction 
with sufficient consideration of the context of future organisational strategies. Supported by Kaplan and 
Norton [44] who posited that organisational strategies should consider and account for the core 
competencies and capabilities possessed by an organisation and be placed in the context of long term 
success and competitiveness. The research may thus realise the potential of explicating and identifying 
organisational competencies, through enabling the identification of their structure and behaviour, providing 
the information and knowledge needed to support the definition, and achievement, of organisational 
strategies and begin to build the competencies and capabilities needed for future strategic initiatives. 
Thus, modelling performance behaviour will provide the means to identify and define competencies and 
capabilities, strengths and weaknesses, existing and required, to fulfil future strategic objectives. As a 
result, organisations will be able to FRQGXFW µZKDW-LI¶ VFHQDULRV DQG H[SHULPHQWV UHJDUGLQJ SURFHVVHV
activities, factors of success, company cultures [45] DQGHQDEOHµ&RQWLQXRXV,PSURYHPHQW¶ZLWKLQDQGRXW
with organisational systems [46] as a result of acknowledging and considering the associated factors.  
7. Conclusion 
This paper has discussed the need to support organisations in explicating, modelling and understanding 
performance behaviour through enabling management activities to identify what should be measured in 
the context of the required factors of success as defined through strategic objectives based upon 
explicated and manipulated experiential knowledge. A formalism that will provide the realisation of 
Develop a methodology to understand and 
model performance behaviour 
Conduct an organisational analysis developing 
contextualised models 
Categorise goals and metrics within the 
elements of performance 
Investigate the ability to define and recognise 
the cohesion between performance goals and 
measures 
Initiate what-if scenarios 
Re-engineer the design development process 
Conduct capability analyses 
 
Investigate the ability to identify and control the 
attainment of sub-optimal levels of performance 
Develop a methodology that enables the 
application of past performance behaviour 
models on present and future scenarios. 
Figure 10: Flow diagram representing the 
overall methodology of the work 
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controlling process outputs through the management of the relevant resources and their dissipation was 
discussed, in conjunction with the need to identify the existence of sufficient and significant relations 
between factors of effectiveness and efficiency. A range of perspectives were presented, from the 
organisational level through to a process level, that provide the various factors that should be considered 
and the levels of required performance. The need to acknowledge the factors associated with 
performance behaviour, while acknowledging the strength and trade-offs between factors as determined 
from past cases and experiences, as a result of organisational perspectives, was discussed and 
presented. An approach to learn from past performance behaviours, acknowledging their context through 
defining their attributes and factors, was presented in the form of data mining. The utility of such 
approaches realises the potential to understand past performance behavioural models, which may have 
produced desirable or undesirable levels of performance, and manipulate their context, while maintaining 
the accuracy of developing and applying such models, to support current and future performance 
assessments. Through manipulating the experiential knowledge associated with performance behaviour 
the potential to control the evolution of a process and its performance, from the outputs generated to the 
resources utilised to attain such outputs, may now be realised and based upon factually supported 
feedback on the levels of performance and the factors to be considered. This paper has presented the 
foundation upon which organisations may realise the potential to pro-actively manage their performance 
within the context of the interactions between both business and product related goals. 
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